Scenes are classified as CT if the area around the island is not covered in cloud and a band or 140 bands of cloud are seen downwind of and apparently anchored to Bermuda (e.g. Fig. 1a) . If the 141 area around the island is not covered in cloud, but no band of cloud is seen anchored downwind 142 of the island, the scene is classified as NT (e.g. Fig. 1b) . Finally, if the scene is mostly cloudy, 143 particularly in such a way that covers much of the island from view, it is classified as OB (e.g. Fig   144   1c ).
145
While this exercise is somewhat subjective, the majority of scenes were straightforward to clas-146 sify. The biggest challenge was in distinguishing between downwind cloud bands that are CT 147 against those that are associated with other phenomena such as low-level convergence not linked 148 to the island, cold pools, etc. It is suspected that these features may be misclassified by an inten-149 tionally simplistic automated approach.
From our manual classification and the previous work discussed above, we know that (i) CT 152 are either absent or hidden from view by other large-scale cloud in OB scenes, and (ii) CT are 153 characterized by more cloud downwind of the island than upwind. These two ideas are used to 154 design an algorithm to automate the classification of scenes into our three categories.
155
First, cloudy and cloud-free pixels must be identified. Each pixel is nominally 1x1 km. The 156 albedo from the visible-channel satellite data is used to identify cloudy pixels. For simplicity we cloudy. The albedo threshold is taken to be 0.15, as a compromise between these two limits and 168 the same value used in Yang and Chen (2008) and Kirshbaum and Fairman (2015) .
169
A known issue with this simple masking method is that cloud cover over land and coastal regions 170 remains somewhat ambiguous. Land provides a higher background albedo than the ocean. Land 171 pixels may therefore still erroneously be masked as cloudy. Pixels over land, and one pixel away 172 from the coastline are therefore excluded from calculations to account for this issue. Furthermore, for high solar zenith angles, spurious regions of high or low albedo can appear depending on the cloud cover. For instance, individual towering clouds might cast shadows on 175 other cloudy regions -these shadowed areas are then falsely masked as cloud-free. Similarly, at 176 sunrise and sunset (when the solar zenith angle is 90 ) there can be a very bright line through the 177 scene. Scenes must then be rejected if the maximum solar zenith angle is too high. To accomplish 178 this, five sample scenes that were obviously impacted by the above mentioned effects were chosen.
179
All scenes with solar zenith angle less than some threshold are then discarded. This threshold is 180 determined by taking a first guess of 90 and decreasing the threshold by 5 increments until 181 the five sample scenes are discounted. We find that scenes with a solar zenith angle < 75 are 182 sufficiently illuminated to avoid these high solar zenith angle issues.
183
Once a scene is subjected to this solar zenith angle test and converted to a cloud mask, it is then 184 assessed for the presence of a CT. In the algorithm, a scene is first classified as OB, or non-OB (i.e.
185
including both the CT and NT classifications). Then, the non-OB scenes are further subdivided 186 into CT or NT categories.
187
A circular region of interest with radius 0.25 (about 25 km) centered on Bermuda is considered.
188
This circle contains the entire island and the edges of this circle are at least 0.10 (10 km) away 189 from any land points (Fig. 2c) . To determine how cloudy the scene is and therefore whether or not 190 to classify it as OB, the cloud fraction in that circular area is calculated. Here, the cloud fraction 191 is defined as the spatial mean of the cloud mask over a given area. Scenes with a cloud fraction 192 in the circular region greater than a threshold, a, are classified as OB. If the cloud fraction is less 193 than a, then the scene is non-OB and tested further.
194
The non-OB scenes are further sorted into NT and CT classifications. As seen in loops of 195 visible-channel satellite imagery and reported in the literature above, CT initiate at the island and 196 extend downwind, forming a band of cloud anchored to the island. Nordeen et al. (2001) used 197 cloud level (the mean over the 950 -850-hPa layer) wind directions from once daily radiosondes 198 to manually identify CT at Nauru. However, while it may be reasonable to assume that there is 199 no significant change in wind direction during the day at Nauru because it is well embedded in 
208
The same circular 0.25 area used to test for OB scenes is now divided into 10 sectors, thirty-209 six in all (Fig. 2d) . The first sector is centered on North. We expect the CT signal to be strongest 210 nearer to the island because of the anchoring described above. From sensitivity tests, if the radius 211 of the circle is too large, the sectors start to become broader than the CT and so the signal in sector 212 cloud fraction becomes damped (not shown). At distances of 0.25 , a sector is roughly 4.4 km 213 wide.
214
As a result of Bermuda's geometry, some sectors contain more non-land pixels than others.
215
Sensitivity to the number of pixels used for cloud fraction computations was tested by using sectors 216 of different lengths and shapes to make them contain more similar number of pixels. The results
217
are found to be generally insensitive to having a more equal pixel count in each sector.
218
Half-hourly 10 m wind direction observations are used to locate the upwind and downwind 219 sectors. To account for fluctuations in the wind direction, differences between wind direction and 220 CT heading, and CT occurring across two sectors, nine sectors centered on the wind direction are 221 11 considered. Next, the cloud fraction is calculated for each of nine sectors and the maximum cloud 222 fraction of those sectors is taken to represent the upwind or downwind cloud fraction (marked as 223 'U' and 'D' respectively in Fig. 2d ).
224
The difference between the downwind and upwind sector maximum cloud fractions (d F) is 225 taken. Since CT are characterized by organized cloudiness downwind of islands, it follows that 226 there should be a higher downwind cloud fraction than upwind cloud fraction. d F must be > 0 to 227 satisfy this condition. However, we also wish to exclude small differences which may be due to Values chosen in our algorithm for a and b are discussed in Section 2d.
231

d. Algorithm Parameters
232
Assuming the manual classification is the 'truth', it is used to estimate optimal values for a 233 (the cloud fraction threshold above which a scene is classified as OB) and b (the d F difference 234 threshold above which a scene is classified as CT). For a, the cloud fraction is computed for 235 each manually classified scene as described in the above section for discriminating between OB 236 and non-OB scenes. We then consider the cumulative distribution of this cloud fraction for the 237 OB scenes, and the inverse cumulative distribution for the non-OB scenes. The cloud fraction at 238 which these two distributions intersect is taken to be the optimal value for a. With our manual 239 classifications, we find a to be 0.33.
240
To determine the value of b we again refer to the manual classification. We apply our above 241 method for discriminating between NT and CT scenes to all non-OB scenes. We then consider the In effect, by our definitions for a and b , we are maximizing the Peirce Skill Score (PSS). This 
where PSS is the Peirce Skill Score, H is the number of hits, M is the number of misses, F is 256 the number of false alarms, and C is the number of correct negatives. This score describes the 257 match when there are two possible outcomes, 'a' (event occurs) or 'b' (event does not occur).
258
The corresponding algorithm-manual pairs are 'aa' for hit, 'ba' for miss, 'ab' for false alarm, and 'bb' for correct negative. For a, 'a' refers to an OB classification, and 'b' refers to non- 
293
Taken all together, these scores suggest that the algorithm is skillful in making classifications as 294 compared to our subjective manual classification. Furthermore, it is not strongly biased toward or 295 against making any particular classification. We therefore apply the algorithm to subsequent data 296 to extend our analysis period to include May through October of 2012 through 2016.
297
We have repeated much of the following analysis for the manual classifications and the algorithm from 24% in May to 44% in July, while OB scenes decrease from 45% to 22%. Meanwhile, the 312 percentage of NT scenes is steadier at between 29 and 35% (on the higher end in July and August).
313
Similarly, a diurnal cycle is evident when considering rows in Figure 3 . The morning is char-
314
acterized by a higher percentage of NT than CT scenes, and this reverses in the afternoon and 
330
More than one period of consecutive CT scenes may be classified on a given day. This is seen in by Nordeen et al. (2001) .
362
We then consider the half-hourly mean CT length estimated for the manually classified imagery.
363
First, there is a local maximum in CT length (78 km) at 0815 LT, and this then decreases to a 364 local minimum (41 km) by 0915 LT (not shown). This early morning CT is consistent with the 365 discussion above on the one or more short-lived CT.
366
Our second observation is that the CT length tends to increase through the remainder of the day.
367
CT on average grow from the local minimum length at 0915 LT,until 1515 LT when they are about percentile, that day is assigned to that classification and included in that classification's composite.
388
For example, the 75th percentile for the fraction of day classified as CT is found to be 59%. If
389
at least 59% of the day's classified scenes are CT, then the data for that day is included in the CT 390 composite. The 75th percentiles for NT and OB are 50% and 59% respectively. The same day 391 cannot be assigned to more than one classification by this method since any two of the three 75th 392 percentile thresholds will always sum to greater than 100%.
393
The interpolated IGRAv2 data are used to consider the anomalies from the 0900 LT JJA 2012- 
401
For each composite, we assume that the mean anomaly is the center of a normal distribution of 402 anomaly profiles. We then estimate this uncertainty as the standard error:
, where N is the 403 number of observations in a given composite.
404
CT-dominated days (dark grey dash-dot profiles in Fig. 4) 
410
The composite profile of potential temperature anomalies for NT-dominated days (medium grey 411 dashed profiles in Fig. 4 ) has a similar shape to that for the CT-dominated days indicating a similar 412 pattern of stability anomalies. However, the NT anomalies are smaller than the CT anomalies 413 throughout the entire lower troposphere shown, and feature potential temperatures below normal 414 between 1000 and 850-hPa (Fig. 4b) .
415
A very different potential temperature regime occurs for the OB-dominated days (the light grey, 416 dotted profiles in Fig. 4) . The lowest 100-hPa is more stable than normal, while the profile 417 is less stable than normal aloft. This pattern is consistent with the idea that the OB days are anomaly composites (Fig. 4d) 
where T D is the surface dew point temperature and T K is the surface temperature (both temperatures 433 are in Kelvin). This can then be used to find the pressure of the LCL as follows:
where p LCL is the pressure of the LCL, p s is the surface pressure, and c p and R d are as defined in 435 the previous section.
436
The composite LCL pressure for each classification and the climatology are marked on Figure   437 4c. We find that the mean composite LCL pressure for CT-dominated days is 955-hPa. This 438 corresponds to a lower height than both climatology (949-hPa) and NT-dominated days (941-hPa).
439
Lower LCL heights suggest cloud formation is more readily achievable and these results provide 440 a plausible explanation for why cloud trail formation is sensitive to low-level humidity. The mean wind speed for each classified scene is shown in Indeed, these composites are consistent with the radiosonde and surface composites in Fig. 4 .
469
They indicate that CT and OB days have similarly high low-level specific humidity while NT-470 days have lower specific humidity. Additionally, the western part of the Bermuda-Azores High
471
(indicated by the 1020-hPa contour) is shown to extend its control on this region for much of JJA,
472
and it retreats to the east on OB days. This pressure pattern implies a wind field dominated by
473
westerlies and southwesterlies at Bermuda with lightest winds on NT days.
474
Finally, the composites show 500-hPa vertical motion between 0.00 and 0.01 Pa s 1 near
475
Bermuda on CT-dominated days (Fig. 5b) , about 0.01 Pa s 1 on NT-dominated days (Fig. 5d) , and 476 about -0.11 Pa s 1 on OB-dominated days (Fig. 5f ). Weak 500-hPa vertical motions or subsidence 477 seen on CT-and NT-dominated days is consistent with the expected lack of large-scale cloudiness 478 and favors shallow convection. This subsidence may also help to explain the drier and more stable 479 than normal layer seen in the sounding composites for NT-dominated days. Azores High enforces increasingly settled weather across Bermuda into July. From July to Octo-496 ber, the fraction of OB scenes increases and the fraction of CT scenes decreases.
497
Similarly, CT occurrence increases during the day while the fraction of NT classifications de-498 creases. This is likely in response to the stronger solar heating present in the afternoon, and 499 therefore stronger thermal forcing for the development of CT on otherwise non-OB days.
500
These classifications are then used to explore the characteristics of the environments present in lighter than normal 10 m winds, and 500-hPa subsidence are associated with NT-dominated days.
506
Lower than normal low-level potential temperature, higher than normal low-level relative humid-507 ity, stronger than normal 10 m winds, and 500-hPa ascent are associated with OB-dominated days.
508
Differences in low-level humidity appear to be the most important factor in determining whether from the newly operational GOES-16 satellite includes a 3.9 µm channel at 2 km resolution that 536 might be appropriate for this purpose (Schmitt et al. 2017 ).
537
As operational numerical weather prediction systems are approaching the ability to resolve phe-538 nomena on these scales, it is increasingly important to present a complete characterization of their The choice of a and b as described in section 2d is expanded upon here. Figure A1 shows the 553 cumulative distribution functions for the cloud fraction for scenes that were manually classified 554 as OB, and the inverse cumulative distribution function for the cloud fraction for scenes that were 555 manually classified as either NT or CT (i.e. non-OB). Similarly, Figure A2 shows the cumulative 556 distribution function for the difference between the sector with maximum cloud fraction in the 557 26 downwind quadrant and the sector with the maximum cloud fraction in the upwind quadrant for 558 scenes that were manually classified as CT, and the inverse cumulative distribution function for 559 scenes that were manually classified as NT.
560
In Figures A1 and A2 , the point of intersection is taken to be the optimal value for distinguishing 561 between the two classifications -either OB or non-OB in the case of a, and either CT or NT in the In addition to the verification metrics presented in the text, and the contingency table in Table 1 ,
565
we also reproduce part of the analysis on the manually classified data from May through October Similarly, the frequency of each classification by month also shows a high level of agreement 578 (Fig. A4) . 51 more scenes were classified as CT by the algorithm than manually, 231 fewer scenes 579 were classified as NT by the algorithm, and 82 more scenes were classified as OB. As a percentage 580 27 of the corresponding manual classifications, this amounts to 5% more CT scenes in the algorithm,
581
18% fewer NT scenes in the algorithm, and 7% more OB scenes in the algorithm. Qualitative 582 characteristics (e.g. the timing of peak occurrence) of the annual cycle are largely preserved by 583 the algorithm.
584
Finally, Figure A5 shows the composite profiles on CT, NT, and OB days in JJA 2012. We
585
show that, again, the algorithm classification is able to adequately reproduce the results from In this example, the cloud fraction is 0.071 which is less than a = 0.33 and so the scene is non-OB.
(d) Since the scene is non-OB, the same circular area from (c) is split into 10 wide sectors, thirty-six in total.
The 10 m wind direction at TXKF is used to find the upwind and downwind quadrant (i.e. nine sectors in each direction). The cloud fraction is calculated for each sector of the upwind quadrant (light grey) and the downwind quadrant (dark grey). The difference between the maximum downwind cloud fraction (arrow marked with 'D') and the maximum upwind cloud fraction (arrow marked 'U') has to be greater than b = 0.08 for the scene to be classified as CT. 
